The aim of this study was to demonstrate that the transluminal contrast attenuation gradient (TAG), a new CT imaging-derived marker of functional significance of a coronary stenosis, is directly associated with the vulnerability degree of atheromatous coronary plaques. In patients with coronary artery disease, contrast attenuation gradient along the coronary plaques, determined by CCTA, correlates with CT markers of plaque vulnerability. Vulnerable coronary plaques are associated with a higher functional significance than the stable ones with a similar anatomic profile.
INTRODUCTION
Despite of recent advances in the field of cardiovascular prevention and rehabilitation, coronary artery disease continues to be associated with high mortality and morbidity rates. 1, 2 Coronary atherosclerosis remains one of the most devastating diseases in the current ages, and its most severe form is represented by acute coronary syndromes (ACS), which are responsible for an increased number of deaths worldwide. 1 The mortality of patients with acute myocardial infarction can reach 20% in the absence of appropriate reperfusion treatment. 2 According to the current definitions, the main forms of ACS are represented by unstable angina, acute myocardial infarction with ST-segment elevation, and acute myocardial infarction without ST-segment elevation. 3 Despite the differences in the clinical presentation of these three forms, the common substrate that triggers the acute coronary event in all of them is represented by the presence of a vulnerable atheromatous plaque inside the coronary artery. 4 The concept of plaque vulnerability has been introduced in the literature in the last decades, describing an atheromatous coronary plaque which is exposed to a higher risk of rupture, leading to coronary occlusion and myocardial infarction. 5 Many studies tried to explain the complex process of plaque vulnerabilization and to characterize the features associated with coronary plaque vulnerability, in an attempt to identify imaging-derived biomarkers that could predict a future coronary event. 6, 7 Imaging studies based on cardiac computed tomography angiography (CCTA) identified several CT features that have been validated as relevant markers of plaque vulnerability. 8, 9 Some of them are related to plaque composition, such as the amount of necrotic core, the plaque burden, the amount of low-density plaque with a CT den- 
mATERIAL AND mETHODS
This is a prospective study on 21 patients with coronary artery disease, in whom CCTA was performed for assessment of 30 coronary plaques identified along the entire coronary tree.
The clinical presentation was stable angina, unstable angina, or non-ST-segment elevation acute myocardial infarction, while patients with ST-segment elevation acute myocardial infarction, hemodynamic instability, or renal failure have been excluded from the study. Betablocker administration was used prior to CCTA examination with dose adjustment in order to achieve a sufficiently low heart rate to allow a good quality examination, with the threshold set at 60/min. An intravenous line was used for systemic injection of contrast material at a flow rate of 6.1 mL/s, followed by a 150 mL saline flush at the same flow rate.
A Siemens Somatom 128-slice CT equipment (Siemens, Erlangen, Germany) was used for image acquisition and 
RESULTS
Clinical and demographic characteristics of the study population are presented in Table 1 . No statistically significant differences were recorded between the study groups in respect to age, gender, and cardiovascular risk factors (hypertension, obesity, smoking status, dyslipidemia). 
DISCUSSIONS
Assessment of the functional significance of a coronary artery stenosis produced by an atheromatous plaque has become possible in the last years with the help of the recently introduced imaging technologies, such as FFR on invasive or noninvasive route. 4 Invasive FFR represents today the gold standard for the assessment of hemodynamic significance of a coronary lesion, while noninvasive Determination of TAG by CCTA has been suggested in the last years as a faster and reliable alternative to both invasive and noninvasive FFR for assessing the functional significance of a coronary lesion, based on the concept that the more severe the luminal narrowing is, the higher drop in the contrast density along the coronary plaque will be recorded.
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A recently published meta-analysis showed that in patients with coronary artery stenosis, TAG is an independent predictor of major adverse cardiac events (MACE) and can serve as a long-term prognostic tool with a prediction power higher than other clinical predictors or biomarkers. 18 In recent studies, TAG has shown its superiority compared to invasive FFR in intermediate lesions,
showing good sensitivity and specificity for discriminating between significant and non-significant plaques in the group of lesions with stenosis between 30% and 70%.
However, in the DISCOVER-FLOW and DeFACTO studies, TAG did not show superiority over CT-FFR in the evaluation of stenosis degree. 19 The role of plaque vulnerability in determination of the functional severity of a stenosis is still unclear, and there are no studies published so far to demonstrate if vulnerable plaques can cause a more severe ischemia as compared with the stable ones. [20] [21] [22] [23] As demonstrated in this study, CCTA can serve as a reli- In this study, we proved that the presence of vulnerability markers at the site of an atheromatous plaque is associated with higher TAG values, reflecting an increased functional significance of vulnerable plaques.
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As there were no statistically significant differences in lesion length or stenosis degree between the vulnerable and non-vulnerable lesions, the difference in TAG can be attributed only to the complex mechanisms related to plaque vulnerabilization. The complex local inflammatory mechanisms associated with vulnerable plaques can alter the intracoronary hemodynamic forces, leading to an increased hemodynamic impact on the coronary bed and therefore increased myocardial ischemia, thus explaining the increased MACE rates reported in several studies for lesions with increased TAG.
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A large number of studies evaluated the role of CCTA in assessing plaque vulnerability and its associated risk to trigger an acute myocardial infarction. In a study by
Benedek et al., the volume of low-density plaque with a CT density below 30 HU was significantly higher in culprit lesions as compared to non-culprit ones. 22 At the same time, another study demonstrated that this amount of low-density volume is similar to the volume of necrotic core determined by intracoronary imaging using intravascular ultrasound, suggesting that the necrotic core could be quantified by CCTA as the core of the plaque with very low CT density. 24 However, the functional impact of such a low density core has not been established so far.
According to the authors' knowledge, this is the first study which demonstrated the hypothesis that plaque vulnerabilization can lead to an increased functional significance of the coronary lesion, decreasing coronary perfusion distally to the vulnerable lesion and leading to a more pronounced lesion-specific ischemia.
In a subgroup analysis, we also aimed to assess the vulnerability features in the group of plaques with high TAG versus those with low TAG, using a TAG value of 10 HU as a reference point. We demonstrated that plaques which exhibit attenuation higher than 10 HU along the stenosis present larger volumes of atheromatous plaque, as well as fibro-fatty tissue and necrotic core inside the plaque, markers traditionally associated with vulnerability.
Our study demonstrates that the presence of a large necrotic core is significantly associated with increased TAG values, and this necrotic core volume was significantly higher in plaques with TAG values above 10 HU.
In the present study, we succeeded to demonstrate that 
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